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Introduction
Ethers of lipids or archaeolipids naturally present in the membranes of Archaea are characterized by the presence of ether linkages between a glycerol and phytanyl aliphatic chains.
1 They include those made with synthetically derived lipids that have the unique structural characteristics of natural lipids, for example: (1) regularly branched phytanyl chains linked through ether bonds to sn-2,3 carbons of glycerol; (2) monopolar archaeol (diether) lipids and/or bipolar tetraether lipids linked to two glycerol entities in an antiparallel manner (caldarchaeol) or in a parallel manner (isochaldarcheol); (3) neutral, negatively charged or zwitterionic unusual polar heads.
Glycolipid analogues with archaeal tetraether macrocycles bearing monovalent or trivalent lactose or mannose head groups at one or the two terminal ends were synthesized. [2] [3] [4] Such glycolipids incorporated into liposomes allowed specific interactions with cell membrane receptors. Archaeal lipids exhibit adjuvant properties independent on Toll-like receptors activation which can be benefit to boost the immune response. 5, 3, 6 Liposomes comprising these lipids, also called archaeosomes, possess an intrinsic adjuvant effect and mannosylated archaeal liposomes containing ovalbumin were able to induce anti-ovalbumin CD8+ T cell response in mice. 6 The preparation of semi-synthetic compounds comprising ether lipids M A N U S C R I P T glucans. 7 Carbohydrate-based targeting of the above mentioned receptors is an obvious manner to enhance specificity and uptake of liposomes. 8 For this purpose, mono-or disaccharides are usually used. Indeed, the synthesis of high mannose structures and complex oligosaccharides in general that exhibit high affinity for membrane lectins is difficult, expensive and yields are weak. The binding affinity of monovalent carbohydrate ligands such as mannose typically is weak (K ≈ 10 -3 M -10 -4 M). It can be increased by 1 or 2 orders of magnitude by coupling several monosaccharide units per protein, polymer or liposome. The multivalent decoration with monosaccharide units of low affinity increases the apparent affinity of the monosaccharide for its receptor. 9 Natural oligosaccharides form antennary structures that allow higher affinity than monosaccharides. When compared, mono-, di-, and tetra-antennary mannosylated lipid derivatives revealed that liposomes containing multibranched mannosylated lipids displayed higher binding affinity for MR compared to monomannosylated analogues. 10 Di-antennary mannosylated lipids were as efficient as the tetra-antennary lipids suggesting that the di-antennary structure was sufficient. The trimannosylated ligand is based on a pentaerythritol skeleton as an anchoring point for the construction of the tri-antenna structure. This tetraol was used for grafting three dipropylene glycol spacers followed by the fixation of the mannosyl units at their terminal ends.
A C C E P T E D
The length of the di-propylene glycol spacer is a key parameter for ensuring an optimized ligand-cell receptor binding since it will impact the distance (d) between the mannose residues. The preferred conformation of the tri-antenna structure for carbohydrate-cell recognition was found to require generally a distance (d) higher than 2 Å, 11 this condition being met in the case of TriMan-Diether lipid 1.
Results and discussion
Synthesis of Trimannosyl diether lipid
The strategic plan for the synthesis of TriMan-Diether 1 shown in Figure 1 The construction of trimannosyl cluster 2 possessing three di-propylene glycol spacers was achieved in a seven-step procedure (Scheme 1) from commercially available pentaerythritol allyl ether 4 (technical grade, 70%) after a purification step by silica gel chromatography.
Quantitative benzylation of 4 was performed in DMF using 1.5 equiv of benzyl bromide in the presence of NaH (0.3 equiv). Hydroboration reactions with 9-BBN (9-borabicyclo[3.3.1]nonane) followed by the in situ conversion to the corresponding triol under oxidative/basic conditions provided triol 6 (83%). As expected, hydroboration of the allyl groups in 5 proceeded strictly regioselectively with the sterically demanding 9-BBN reagent.
Triallylation of 6 with allyl bromide gave compound 7 in good yield (78%). The same hydroboration/oxidation reaction using the 9-BBN/H 2 O 2 , NaOH conditions converted totally the triallylated derivative 7 into the corresponding triol 8. Subsequent mannosylation of 8 was (1/1) gave the totally unprotected TriMan-Diether 1 in 97% yield. This trimannosylated diether lipid was easily and fully characterized by NMR ( 1 H and 13 C) and high-resolution mass spectrometry.
Binding of TriMan-liposomes on dendritic cells
Then we tested whether TriMan-Diether 1 can trigger specific binding of liposomes on 
Conclusion
We have developed a synthetic route for the preparation of a novel archaeal diether lipid 
Experimental
General methods.
Commercially available chemicals were used without further purification (except alcohol 4 which was purified by flash chromatography) and solvents were carefully dried and distilled prior to use. Unless otherwise noted, non-aqueous reactions were carried out under a nitrogen atmosphere. Analytical TLC was performed on Merck 60 F254 silica gel non-activated plates.
A solution of 5% H 2 SO 4 in EtOH was used to develop the plates. Merck60H (5-40µm) silica gel was used for flash chromatography. 1 H and 13 C NMR spectra were recorded at 400 and 100 MHz, respectively, on a Bruker Avance III. MS spectra were recorded on a Waters
Micromass Q-TOF equipped with a Z-spray ion source or on a Shimadzu LCMS 2020 and optical rotation were recorded on a Perkin-Elmer 341 polarimeter.
Synthesis of TriMan-Diether (1).
Triallyl-benzyl-pentaerythritol (5).
To a suspension of NaH (2.6 g, 90 mmol) in anhydrous DMF (100 mL), alcohol 4 (7.70 g, 300 mmol) was added at 0°C and the reaction mixture was stirred during 2h at the same temperature. Benzyl bromide (7.7 g, 450 mmol) was added dropwise at 0°C and the reaction mixture was stirred during 17h at room temperature. MeOH (6 mL) was added dropwise at 0°C, solvents were removed under reduced pressure and the crude material was dissolved in M A N U S C R I P T A C C E P T E D 
Tri(3-allyloxypropyl)-benzyl-pentaerythritol (7).
Triol 6 (7.8 g, 19.4 mmol) was dissolved in anhydrous DMF (100 mL) and this solution was added at 0°C dropwise to a suspension of KH (3.9 g, 97 mmol) in DMF (100 mL). The reaction mixture was stirred during 10 min before the slow addition of allyl bromide (8.35
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12 mL, 97 mmol) at the same temperature. The reaction mixture was stirred during 24h at room temperature and water (100 mL) was added carefully. The product was extracted three times 
Tri(3-hydroxypropyloxypropyl)-benzyl-pentaerythritol (8).
To a solution of 7 (7.9 g, 15.0 mmol) in dry dioxane (50 mL) was added at 0 °C 9- 
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TriMan-CH 2 OBn (10).
To a mixture of the mannosyl donnor 9 (10 g, 13.4 mmol) and triol 8 (1.03 g, 1.79 mmol) in dry dichloromethane (5 mL 
TriMan-COOH (2).
Debenzylation. Oxidation. Previous alcohol (614 mg, 0.275 mmol) was dissolved in EtOAc (10 mL).
Aqueous solutions of KBr (56 µL, 0.5 M, 0.028 mmol) and TEMPO (15 mg, 0.096 mmol)
were added, followed by the addition of NaOCl (1.2 mL, 0.84 mmol) at 0°C. After 3h at room temperature, the reaction mixture was acidified with 5% HCl until pH 3 before the addition of The amount of imidazole in liposomes was determined by the Pauly colorimetric assay. 18 The amount of TriMan-Diether incorporated in liposomes was determined using the colorimetric resorcinol/sulfuric assay and a standard curve with mannose was used to determine the amount of TriMan-Diether. 19 The size and the ζ potential of liposomes were measured by using SZ-100 Analyser (Horiba Scientific, les Ulis, France).
Cells and cell culture.
The murine DC line (DC2. • The synthesis of a trimannosyl archaeal diether-like lipid is described.
• The preparation of liposomes including the glycolipid is proposed.
• Binding of the glycoliposomes to dendritic cells is evaluated.
